Time-resolved photoluminescence has been used to study the effects of interface roughness on excitonic transitions in GaAs-Al, Ga& As multiple quantum~elis. In addition to the luminescence linewidth broadening and Stokes red shift, the interface roughness also strongly a8'ects the dynamic process of optical transitions so that the excitonic transition peak shifts with delay time. However, the heavy-hole exciton transition has red shifts at short delay times and exhibits a turnover at longer delay times. A maximum shift of about 0.1 meV at a delay time of 4 ns was obtained. %'e have demonstrated that the peak shift is caused by interface roughness in the quantum wells. Furthermore, the decay of the excitonic transition is found to 5t a two-exponential form. Based on a model involving interface roughness and two-exponential decay, we calculated the position of the excitonic transition peak as a function of delay time. Our calculations are consistent with experimental results.
I. INTRODUCTION
Recently, quantum-well (QW) ' The larger the quantum well width, the longer the exciton lifetime, as indicated in Fig. 4(c) .
First, let us prove that energy-dependent exciton lifetimes can cause the transition peak to shift with the delay time. Because the total amount of peak shift is very small (The physical origin for this two-exponential decay is under investigation. ) Now Cz is measured to be 0.07.
We insert these values into Eq. (9) and adjust a, and a2 to obtain the least-square 6t with experimental data. We find that, with a, = -0.06 ns/meV and u2 = -0.42 ns/meV, the plot of Eq. (9) shown as the solid line in Fig.   3 is in excellent agreement with experimental results (circles). Here a, represents the change rate of exciton lifetime with respect to emission energy, and thus the 6tting value ( -0.06 ns/meV) gives a total lifetime change of the fast decay component of about 0.06 X l. 8=0.1 (ns) within the FWHM. However, as we will show later, one does not need to measure the exciton lifetime of QW's with different thicknesses in order to obtain the change rate of exciton lifetime with respect to well thickness, dr/dL. A much easier way to obtain dr/dL is to measure the peak position shift as a function of delay time.
We studied the temporal response of the luminescence at the excitonic transition peak as shown in Fig. 5 Obviously, the effect of QW thickness Auctuations on the dynamic process of optical transitions is very i.mportant. There are still many important questions to be answered. One of the most important questions here is why the decay of the exciton transition is composed of a two-exponential form. In future work, we will study the dynamic process of the optical transition by using QW's with different well thicknesses and at different temperatures. %'e hope that these studies will provide more understanding of the complicated effects of interface roughness.
